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EVAPORATIVE EMISSIONS FILTER 

CROSS REFERENCE TO RELATED APPLICATIONS 

This application is a continuation of U.S. patent application serial no. 
10/392,044, filed March 19, 2003 the contents of which are incorporated herein by 
reference thereto. 



BACKGROUND OF THE INVENTION 
The present invention relates generally to filters, and more particularly to 
10 filters useful for adsorbing hydrocarbon vapors. 

In internal combustion engines, while the engine is running, there is a 
constant flow of air through the air induction system into the intake manifold and 
finally into the combustion chamber through the intake valves. The airflow is 
caused by the intake stroke of the piston, which draws a vacuum on the intake 
15 manifold. This creates an imbalance of pressures between the intake manifold 
and the environment, and thus air rushes in through the air induction system. 
Due to the low internal pressure in the intake manifold and the constant airflow 
into the engine, there are no evaporative emissions from the intake manifold or 
air induction system. 

20 Further, when a modern, fuel injected engine is running, the fuel system 

maintains the fuel in the fuel rail(s) at sufficient pressure to prevent the 
vaporization of the fuel even though the fuel rail(s) may be at a temperature 
sufficient to vaporize the fuel at normal atmospheric pressure. In fact, good 
restarting in part may depend on maintaining fuel rail pressure for a number of 

25 hours after shut down until the engine cools to prevent fuel vaporization in the 
fuel rail(s). Fuel vapor in the fuel rail(s) is generally undesirable in that it may 
lead to long crank times during engine start up. 

After engine shut-down, air continues to rush through the air induction 
system until the intake manifold vacuum is eliminated. Evaporative 

30 hydrocarbons may be emitted if the pressurized fuel in the fuel rail(s) leaks into 
the intake manifold through the fuel injectors. This small amount of fuel may 
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vaporize, and the hydrocarbon vapor may migrate out of the intake manifold 
through the air induction system to the atmosphere. Heretofore such 
hydrocarbon vapor egress was considered negligible. However, current 
regulations in the state of California, as well as in other U.S. states, restrict 

5 evaporative emissions from fuel to virtually zero. 

Attempts to solve the problem of evaporative hydrocarbon emissions 
have included placing secondary, hydrocarbon adsorbing filters within the direct 
air flow path. However, such filters generally add restriction to the air induction 
system. As such, the engine is generally less efficient, or the air induction 

10 system may need to be sized larger in order to provide the same mass airflow 
with the increased restriction. 

Other attempts have included combining hydrocarbon vapor-adsorbing 
materials with a standard particulate/contaminant air filter. Some drawbacks 
associated with these combination filters include the possibility of vapor- 

1 5 adsorbing material flaking out of the filter and entering the air system. The loss 
of adsorbent material may deleteriously affect the vapor adsorbence of the 
filter. 

SUMMARY OF THE INVENTION 
20 The present invention substantially solves the drawbacks enumerated 

above by providing an evaporative emissions filter for an engine air induction 
system. The evaporative emissions filter includes a hydrocarbon vapor- 
adsorbent member disposed within the air induction system. A mechanism is 
provided for mounting the evaporative emissions filter within the air induction 
25 system. Hydrocarbon vapors present in the air induction system after engine 
shut-down are substantially retained in the adsorbent member until air flows 
through the air induction system after the engine starts. 

BRIEF DESCRIPTION OF THE DRAWINGS 
30 Objects, features and advantages of the present invention will become 

apparent by reference to the following detailed description and drawings, in 
which: 
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Fig. 1 is a cut away, cross-sectional view of an air filter housing showing 
an embodiment of the present invention therein; and 

Fig. 2 is a partially cut away, cross-sectional top view of an air induction 
system showing a further embodiment of the present invention therein. 

5 

DETAILED DESCRIPTION OF THE EMBODIMENTS 
It would be desirable to substantially prevent evaporative hydrocarbon 
emissions from escaping into the atmosphere in order to meet regulations and 
to become more environmentally friendly. It would further be desirable to 

10 achieve such substantial prevention without restricting airflow through the air 
induction system. Yet further, it would be desirable to achieve this goal 
relatively inexpensively. It would further be desirable to achieve this goal with a 
lower likelihood of fouling the adsorbent material compared to a barrier filter. 
The evaporative emissions filter of the present invention substantially 

15 meets the above-mentioned goals. Referring now to Fig. 1, the evaporative 
emissions filter of the present invention is designated generally as 10. The 
- evaporative emissions filter 10 is useful for an engine air induction system 12 
having a direct air flow path (arrow P). Air induction system 12 includes a 
housing/airbox 14 containing an air filter 16. Air filter 16 filters out contaminants 

20 in air entering the engine (not shown). Air filters 16 generally have as a main 
constituent thereof pleated paper housed in a flexible, semi-rigid, or rigid frame. 
The air filter 16 is mounted within the housing 14, and generally is used once 
and discarded. Air induction tube 18 carries air from outside the vehicle to the 
housing/airbox 14 and then to the engine via the intake manifold (not shown). 

25 Referring also to Fig. 2, air induction system 12 may optionally include an 

air resonator 20. The air resonator 20 may be attached to, and in fluid 
communication with the air induction tube 18 (as shown) and/or the housing 14. 
It is to be understood that if the optional air resonator 20 is used, it is believed 
that the evaporative emissions filter 10 of the present invention will work 

30 substantially equally well whether the air resonator 20 is on the clean side C or 
dirty side D of the air induction tube 18, or attached to and/or integral with the 
clean side C or dirty side D of housing 14. 
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The evaporative emissions filter 10 comprises a hydrocarbon vapor- 
adsorbent member 22 disposed within the air induction system 12 substantially 
outside of the direct air flow path P. Evaporative emissions filter 10 may further 
include a mechanism 24 for mounting the evaporative emissions filter 10 within 
5 the air induction system12. It is to be understood that mechanism 24 may 
include any suitable fasteners, including but not limited to adhesives, hook and 
loop fasteners, screws, rivets, fasteners that employ ultrasonic or friction 
welding, flexible tabs that snap the filter 10 in, and the like. Further, the 
evaporative emissions filter 10 may be mounted to the airbox 14 in such a way 

10 that it is mounted off the flat surface (stand-offs) in order to maximize the 
amount of the adsorbent member 22 exposed to the evaporative emissions. 

If hydrocarbon vapors are present in the air induction system after 
engine shut-down, the vapors are substantially retained in the adsorbent 
member 22 until air flows through the air induction system 12 after the engine 

15 starts. The return of air flow through the system 12 substantially regenerates 
the adsorbent member 22. 

It is to be understood that evaporative emissions filter 10 of the present 
invention may be placed in any suitable area of the induction system 12 
substantially outside of the direct flow path P. In an embodiment of the present 

20 invention, the filter 10 is mounted within the air resonator 20 and/or the air filter 
housing 14. 

In an alternate embodiment of the present invention, the filter 10 is 
mounted within the air resonator 20 (as seen in Fig. 2). 

In a further embodiment of the present invention, the filter 10 is mounted 
25 within the air filter housing 14 on the clean air side C of the housing 14. 

In yet a further embodiment of the present invention, the filter 10 is 
mounted within the air filter housing 14 on the dirty air side D of the housing 14 
(as seen in Fig. 1). 

Still further, in an embodiment of the present invention, one evaporative 
30 emissions filter 10 is mounted within the air filter housing 14 on the clean air 
side C of the housing 14, and a second filter 10 (a second, third and fourth filter 
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10 is shown in phantom in Fig. 1) is mounted within the air filter housing 14 on 
the dirty air side D of the housing 14. 

As shown in Fig. 1 , in yet a further embodiment of the present invention, 
a filter 10 is mounted on at least three internal walls of the housing 14. 
5 It is to be understood that the adsorbent member 22 may comprise any 

suitable hydrocarbon vapor-adsorbing material. In a non-limitative embodiment 
of the present invention, the adsorbent member 22 has as a main component 
thereof activated carbon. It is to be understood that the activated carbon may 
be in any suitable form and housed/impregnated within any suitable media. 

10 Some non-limitative examples of carbon impregnated filtration structures are 
commercially available from AQF Technologies LLC in Charlotte, North 
Carolina. Other suitable non-limitative examples of adsorbent media are 
disclosed in U.S. Patent No. 5,486,410, which is incorporated by reference 
herein in its entirety. The *410 patent discloses, among other embodiments, a 

15 filtration structure of a composite staple having a nylon sheath and a polyester 
core, with activated carbon particles bonded to the fiber matrix, and including a 
microfiber web located within the structure. Yet other suitable adsorbent media 
includes activated carbon commercially available from PICA USA, Inc. in 
Columbus, Ohio. It is further believed that wood based carbon may provide 

20 certain advantages, such as for example, in regeneration of the carbon bed. 

In order to extend the life of the hydrocarbon vapor-adsorbent member 
22, in some instances it may be desirable to protect evaporative emissions filter 
10 with an optional protective member(s) such as a hinged flapper 26, louvres 
28, a combination thereof, and/or the like. The flapper 26 and louvres 28 are 

25 each shown semi-schematically and in phantom in Fig. 1. The flapper 26 

remains substantially closed when the engine is running, thereby substantially 
protecting adsorbent member 22 from water, debris and/or other contaminants. 
Flapper 26 then falls open when the engine is shut down in order to permit 
ingress of hydrocarbon vapors which may be present. The louvres 28 are 

30 designed so as to deflect water, debris and/or other contaminants away from 
adsorbent member 22. 
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Even without a separate protecting member 26, 28, the location of the 
present invention 10 outside of the direct flow path P, i.e. in a lower flow area, 
such as for example, in the airbox 14 or resonator 20, results in less stress and 
less contamination of the adsorbent member 22 (compared to a barrier filter), 
5 thus leading to longer life of the evaporative emissions filter 10. 

A method according to an embodiment of the present invention for 
adsorbing hydrocarbon vapors from an automotive engine air induction system 
12 after engine shut-down, includes the step of operatively placing the 
evaporative emissions filter 10 substantially outside of the direct air flow path P 

10 and within at least one of the air resonator 20 and the air filter housing 14, the 
evaporative emissions filter 10 including hydrocarbon vapor-adsorbent member 
22. Hydrocarbon vapors present in the air induction system 12 after engine 
shut-down are substantially retained in the adsorbent member 22 until air flows 
through the air induction system 12 after the engine starts. 

1 5 To further illustrate the present invention, the following examples are 

given. It is to be understood that these examples are provided for illustrative 
purposes and are not to be construed as limiting the scope of the present 
invention. 

20 EXAMPLES 

In alternate trials, A) 36 grams of activated carbon impregnated filter 
media obtained from AQF Technologies LLC were placed on the top inner 
surface (clean side) of airbox 14; B) 12 grams of the AQF activated carbon 
were placed on each of three inner sides of airbox 14: top, and opposed sides 

25 of the clean side (similar to a saddle) for a total of 36 grams of activated carbon; 
C) 36 grams of activated carbon obtained from PICA USA, Inc. and held 
between two layers of a fine, polyvinylidene chloride (commercially available 
from Dow Chemical in Midland, Michigan under the tradename SARAN) mesh 
were placed on the top inner surface (clean side) of airbox 14; and D) 18 grams 

30 of the AQF activated carbon were placed on the top inner surface (clean side) 
and on the bottom inner surface (dirty side) of the airbox 14, for a total of 36 
grams of activated carbon. In each of the alternate trials, 1 .5 grams of gasoline 
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vapor were allowed to enter the air induction system 12. In each of the four 
^trials, less than about 0.006 grams of hydrocarbon vapor was emitted to the 
atmosphere, as compared to the control (no adsorbent media) in which almost 
0.04 grams of hydrocarbon vapor was emitted to the atmosphere. Of the four 
5 trials, it appeared that trial D was more successful in preventing escape of 
evaporative hydrocarbon emissions. 

The present invention is further advantageous in that an effective amount 
of adsorbent media/member 22 may be calculated for an expected amount of 
hydrocarbon vapor. As such, that effective amount of adsorbent member 22 
10 may be placed within the air induction system 12 to adsorb that expected 
amount of hydrocarbon vapor. 

While several embodiments of the invention have been described in 
detail, it will be apparent to those skilled in the art that the disclosed 
embodiments may be modified. Therefore, the foregoing description is to be 
15 considered exemplary rather than limiting, and the true scope of the invention is 
that defined in the following claims. 



